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© System and method for multilayer film production on tape substrates. 
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© A method of sequential deposition of source 
materials 210 onto a web substrate 206. A substrate 
t ransf er mechani sm 202 imparts continuous move- 
ment of a substrate 206 past a plurality of deposition 
sources 210 during vapor deposition of deposition 
source materials. Every portion of the substrate 206 
is exposed to deposition fluxes from the deposition 
sources 210 in an alternating periodic manner. The 
number of source exposures may be greater than 
the number of sources. 



Fig. 11 




206 



212 



in 



CL 
LU 



1 



EP 0 574 020 A1 



This invention relates to the manufacture of 
thin films having a multi layered structure. More 
particularly, this invention relates to a continuous 
coating method and system for depositing a mul- 
tilayered thin film onto a web substrate. 

Within the field of vapor deposited thin film 
production, it is well known that film properties 
depend upon film microstructure. For certain ap- 
plications, film structures comprising layers of dif- 
fering composition which repeat in a periodic fash- 
ion have desirable properties; such structures will 
be referred to herein as "multi layered structures" 
or "multilayers": 

Optical coatings consisting of periodically al- 
ternating layers of high refractive index and low 
refractive index dielectric materials are examples of 
technically useful multilayered structures in which 
optica! properties can be tuned to a particular ap- 
plication by appropriately selecting certain features, 
for example, the number of layer periods and layer 
thickness. Magnetic or magneto-optical recording 
materials are further examples of materials in which 
a multilayered structure can be utilized to alter or 
optimize thin film properties. For example, deposi- 
tion of alternating thin (typically £ 1 nanometer) 
layers of Fe and Tb can be used to produce a 
magneto-optical recording material; a Fe-Tb film of, 
e.g. 50 nm thickness would thus typically consist of 
25 or more Fe-Tb layer pairs. By varying the Fe 
and Tb layer thickness, magnetic properties such 
as coercivity and anisotropy can be controlled. 

Multilayer deposition methods described in the 
prior art employ some mechanical means to ex- 
pose substrates to two or more deposition source 
fluxes in a repetitive, sequential manner, and the 
deposition sources are typically operated continu- 
ously. Apparatus based on the above methods are 
used for multilayer deposition on discrete, non- 
continuous substrates. 

The invention discloses a method of sequential 
deposition of source materials onto a surface of a 
web substrate. Substrate transfer means imparts 
continuous movement of the substrate past a plu- 
rality of deposition sources facing the substrate. 
During vapor deposition, every portion of the sub- 
strate surface is exposed to deposition fluxes from 
the deposition sources in an alternating periodic 
manner. The number of alternating source expo- 
sures being greater than the number of sources. 

The invention also discloses a continuous coat- 
ing method for depositing a multilayered structure 
onto a web substrate. Web transfer means imparts 
continuous movement of the web substrate past a 
plurality of deposition sources facing the substrate. 
During vapor deposition of the deposition source 
materials, a multilayered structure is created on the 
web substrate. The number of layers is greater 
than the number of deposition sources. Preferred 



methods of sequential deposition of source materi- 
als onto a surface of a web substrate are disclosed 
in claims 1 to 3. 

The invention also discloses a device for man- 
5 ufacturing a web substrate having a multilayered 
structure. A deposition source region is configured 
to contain a plurality of deposition sources facing a 
web substrate supported by a web substrate trans- 
fer means. Web substrate transfer means provides 

70 support for the web substrate and imparts continu- 
ous movement to the web past a deposition source 
region to produce, during vapor deposition, a mul- 
tilayered structure on the web substrate. The num- 
ber of layers in the multilayered structure is greater 

75 than the number of deposition sources. A preferred 
device for manufacturing a web substrate having a 
multilayered structure is disclosed in claims 4 to 8. 

The invention further comprises a multilayer 
thin film on a web substrate. A plurality of deposi- 

20 tion source material layers are deposited onto a 
web substrate to form the multilayered thin film 
structure. The number of layers in the structure 
exceeds the number of deposition sources provid- 
ing source materials. 

25 The invention further comprises a multilayer 

thin film on a web substrate. The web substrate 
has a designated surface for receiving -multiple 
layers of deposition source materials. A pfurality of 
deposition source material layers is deposited onto 

30 the web substrate to form a multilayered thin film 
structure in which each layer is at an inclined angle 
to the designated surface. Preferred multilayered 
thin films on a web substrate are disclosed in 
claims 9 and 10. 

35 Figure 1 is a schematic depiction of a prior art 

system for depositing source materials onto a web 
sheet substrate. 

Figure 2 is a vertical sectional view of a sub- 
strate and multilayered structure thereon. 

40 Figure 3 is a plan view of one embodiment of 

the system invention comprising a plurality of roll- 
ers. 

Figure 4 is an end elevation view of the inven- 
tion analogous to that depicted in Figure 3. 
45 Figure 5 is an end view of alternate embodi- 

ment rollers generally according to the configura- 
tion of Figure 3. 

Figure 6 is a plan view of the components 
depicted in Figure 5 which comprise an alternate 
so embodiment combination of a segmented roller in 
cooperation with a tilted segmented roller. 

Figure 7 is a side elevation view of a seg- 
mented tilted roller. 

Figure 8 is a side elevation view of a seg- 
55 mented roller. 

Figure 9 is a plan view of an alternate embodi- 
ment of the present system invention for a straight 
pass deposition system. 
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Figure 10 is an end view of the system de- 
picted in Figure 9. 

Figure 1 1 is a perspective schematic view of a 
continuous reel-to-reel single pass deposition sys- 
tem using a rotatable shutter. 

Figure 1 2 is a schematic view of a portion of a 
continuous single pass deposition system depicting 
a plurality of individually shutterable sources. 

Figure 13 is schematic view of a continuous 
single pass deposition system, using elongated 
sources and ganged shutters. 

Figure 14 is a schematic cross section of a 
magneto-optical thin film stack produced using the 
system of Figure 1 1 . 

Figure 15 is a plot of magnetization states of 
the article of manufacture shown in Figure 14, with 
comparative curves for alternate remanence valves. 

The invention comprises novel methods, ap- 
paratus, and resulting products relating to continu- 
ous coating of substrates to produce a multilayered 
structure on the substrates. More particularly, the 
substrates comprise continuous tape or web sub- 
strates, dual references which are used inter- 
changeably herein. A web substrate is defined as a 
flexible substrate with a width much greater than its 
thickness and a length much greater than its width. 
The tape or web substrates referred to may com- 
prise substrates which are elongated, and substan- 
tially continuous. In this respect, at least one of the 
dimensions of the web substrates may be greater 
than the largest dimension of the deposition sys- 
tem employed. 

Referring to Figure 1, an exemplary prior art 
coating system 10 is shown. Coating system 10 is 
used to provide deposition of source materials from 
deposition sources 14a and 14b onto substrate 18. 
Substrate 18 may comprise a web sheet substrate. 
In operation, substrate 18 is moved past deposition 
sources 14a, 14b so that during the deposition 
procedure substrate 18 is exposed to the deposi- 
tion source material fluxes 16a, 16b, thereby de- 
positing the source materials onto a portion of 
substrate 18. Devices similar to coating system 10 
have various limitations when used for the produc- 
tion of multilayered structures. Some of these limi- 
tations include slow coating speeds, surface con- 
tamination, and/or reaction problems, wherein both 
of the latter two problems result from the elapsed 
time between layer deposition and/or contact with 
the web backside during repetitive winding and 
unwinding of the coated web. In particular, these 
limitations arise from using a tape transfer sub- 
system which comprises a roller or drum set. As 
schematically shown in Figure 1, rollers 24a, 24b 
operate in the manner of a conventional supply and 
takeup reel. In order to produce a multilayered 
structure with this system, having a number of 
layers greater than the number of deposition sour- 



ces, it is necessary to shuttle substrate 18 back 
and forth between rollers 24a and 24b and through 
deposition chamber 30 until the required number of 
layers are coated onto substrate 18. Representative 

5 prior art coating system 10 does not provide a 
continuous movement of substrate 18, but rather it 
involves shuttling substrate 18 between a move- 
ment cycle and a temporary stop cycle at which 
point the roller direction is reversed to enable a 

10 return of substrate 18 to the other roller, thereby 
drawing the substrate past deposition sources 14a, 
14b to add yet another layer onto substrate 18. 

Thus, as illustrated in Figure 1 , the synthesis of 
large area multilayered structures on web sub- 

75 strates is typically accomplished in known coating 
systems by repetitively moving the substrate back 
and forth from one deposition source to the next. 
This method is not well suited for the production 
coating of multilayered films onto webs. Rather, the 

20 deposition is preferably completed with a minimal 
number of passes, preferably one, through the 
coating machine without stopping to reverse the 
web direction. What is needed therefore is a con- 
tinuous tape coating method for depositing mul- 

25 tilayered structures onto a tape substrate. A par- 
ticular commercial need includes deriving an effi- 
cient method of manufacturing a multilayered 
magneto-optical recording film on a tape substrate. 
It is believed that devices, such as disclosed here- 

30 in, which employ the continuous deposition con- 
cept are novel for the production of multilayers. 

Referring to Figure 2, one example of a prod- 
uct manufactured according to the processes and 
structures of this invention is disclosed. The em- 

35 bodiment of Figure 2 comprises a tape substrate 
36 having deposition layering 40 vacuum deposited 
thereon. More particularly, deposition layering 40 
comprises a multilayered structure further compris- 
ing individual layers 44, 45 shown, representatively, 

40 as multiple repeat layers. It is appreciated that the 
periodicity, thickness, composition, and overall 
number of the layers described and illustrated may 
vary considerably. Moreover, each of the layers 
comprising deposition layering 40, and comprising 

45 the tape substrate 36, may comprise either organic, 
inorganic, or combined organic/inorganic materials. 

Figure 3 is a plan view of one embodiment of a 
device for manufacturing a tape article having a 
multilayered coating. The manufacturing device or 

so system 52 comprises a plurality of deposition sour- 
ces 60. Each source 60 is constructed and ar- 
ranged for holding deposition source materials 58, 
such as rare earth metals, other inorganics, transi- 
tion metals, or organics, which are suitable for 

55 physical vapor deposition onto a continuously mov- 
ing tape substrate 36. Tape transfer means 62 is 
provided for imparting continuous movement to 
tape substrate 36 in order to move tape substrate 
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36 past the plurality of deposition sources 60 dur- 
ing physical vapor deposition. Shielding means is 
preferably provided for limiting and defining the 
deposition of source materials onto designated 
areas of tape substrate 36. More particularly, 
shielding means comprises deposition flux shield- 
ing 70 representatively shown and located adjacent 
sources 60. In relation to the embodiment illus- 
trated in Figure 3, an analogous end elevation view 
of Figure 4 illustrates a backspray shielding 74 
configured to prevent unwanted deposition of 
source material vapor flux 16c, 16d onto a back 
surface of tape substrate 36. 

Coating system 52 permits deposition of a high 
quality multilayered structure onto a narrow web or 
tape substrate at high speed. One example of the 
use of coating system 52 is for the production of 
magneto-optical recording tape. As illustrated in 
Figure 3, the narrow web or tape substrate 36 is 
guided onto tape transfer means 62 at an angle so 
that tape substrate 36 can be wrapped around the 
respective components of the tape transfer means 
a number of times. This number depends upon the 
web width, w, the spacing between the various web 
strands, s, and the extent, e, of the source fluxes 
perpendicular to the direction of web motion. Web 
substrate 36 passing over tape transfer means 62 
will be exposed to the source vapor fluxes approxi- 
mately e/(w+s) times before passing off tape 
transfer means 62 to either the next coating 
source(s) or a takeup real. 

The following comprises one example of lab- 
oratory scale coater complexity and throughput uti- 
lizing the invention embodiment disclosed in Fig- 
ures 2-4. The assumptions for this example in- 
clude: 

1) A web width, w, approximately 1.2 cm; 

2) A separation between web strands, s, of 0.3 
cm; 

3) A structure repeat distance (period), d, of 1 
nm; 

4) A flux extent/source perpendicular to the web 
motion, e, of approximately 15 cm; 

5) A thickness, h, of 30 nm for the active 
magneto-optical layer; 

6) Separate rare earth and transition metal sour- 
ces; and 

7) An effective coating rate/single strand pass, r, 
of 20 nm/second for a source pair over an 
aperture, a, of 10 cm (for each source) along the 
direction of web motion. 

The number of passes, n, through the vapor 
flux per source pair is then approximately e/- 
(w+s) = 10. In this example, 30 (h/d= 30) layer 
pairs are required to achieve the desired thickness; 
consequently, three sets of rare earth and transition 
metal sources are required. The flux exposure time 
required to deposit one period of the structure on 



the web is d/r and the web must travel the dis- 
tance a during this time, so: 

v=(a r)/d=2 meters per second 

5 

where v is the web velocity. The above example 
represents a very conservative estimate of web 
velocity, in that it is probable that the product (a r ) 
could be increased by an order of magnitude or 

10 more relative to the assumed values. Further, it 
should be noted that the nominal ^ 1 nm structural 
repeat distance typical of multilayered magneto- 
optical materials is an extreme example. Also, 
wider webs and less complex web handling may 

76 be possible for products with larger structural 
periods. 

Figures 5-8 disclose configurations of tape 
transfer means 62. Referring to Figure 5, an end 
view illustrates a configuration wherein tape trans- 

20 fer means 62 comprises a first transfer mechanism 
80 and a second transfer mechanism 84. Either, or 
both, first transfer mechanism 80 and second trans- 
fer mechanism 84 may comprise means for con- 
tinuous feed and receipt of tape substrate 36. First 

25 transfer mechanism 80 may comprise a roller, and 
such roller may further comprise a plurality of 
segments 88 constructed and arranged for receipt 
and transfer of tape substrate 36. A segmented 
roller such as first transfer mechanism 80 may, but 

30 need not have to, comprise segments 88 which 
may be independently operable and which may 
comprise a common axis of rotation J-J, as shown 
in Figure 8. 

Segments 88, which in the aggregate form a 
35 segmented roller, may further be assembled to 
form a plurality of tilted rollers, as most readily 
seen in Figure 7. Each roller segment 88 may 
further comprise an independent axis of rotation 96 
which is oriented at an acute angle relative to a 
40 common axis X-X passing through the midpoint of 
each segmented roller. In this manner, the roller 
having tilted segments 88 cooperates with second 
transfer mechanism 84 so that the web substrate 
must twist as it moves between the relatively tilted 
45 transfer mechanisms. Accordingly, web substrate 
36 does not experience the sliding or walking effect 
which it otherwise would if only rollers in a conven- 
tional sense were used as transfer mechanisms. 
Edge guide means 100 is provided to further con- 
so trol the tape substrate at the sides of each tape 
substrate contacting surface 98. Referring again to 
Figure 6, tape transfer means 62 is shown in the 
process of transferring tape substrate 36 between 
first transfer mechanism 80 and second transfer 
55 mechanism 84. 

In Figure 9, an alternate embodiment device 
152 according to the present system invention is 
disclosed. Figure 9 exemplifies a straight pass sys- 
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tern of source material deposition onto a tape or 
web substrate. This novel operation is accom- 
plished by providing conventional tape transfer 
means for imparting continuous movement of tape 
substrate 36 past any suitable plurality of source 
materials, for example, 58a, 58b. Source materials 
58a, 58b are positioned at a plurality of locations 
suitable for physical vapor deposition onto tape 
substrate 36. Deposition source materials are pref- 
erably, but not solely, located beneath the level at 
which tape substrate 36 is supported and trans- 
ferred by tape transfer means. Shielding means 70 
is configured in a baffle or screen pattern of al- 
ternating deposition flux paths 71, 72 for permitting 
deposition of the source material vapor fluxes 16a, 
16b in a serial manner on tape substrate 36. 

Figure 10 is a sectional elevation view taken 
along lines 10-10 of Figure 9. Figure 10 further 
illustrates the relation of shielding means 70 config- 
ured to provide a plurality of deposition source 
material chambers 110, 111 in a linear path so that 
source materials are deposited on tape substrate 
36 as the tape transfer means moves tape sub- 
strate 36 in a continuous single path movement 
over the source materials. System 152 provides yet 
another embodiment of an efficient system and 
method for depositing a multi layered structure onto 
a web or tape substrate. Such systems permit a 
very high coating rate, low cost per unit area, and 
uniform magnetic properties of the resulting struc- 
ture. 

An exemplary product manufactured according 
to the various methods and structural systems dis- 
closed herein comprises an elongated web or tape 
substrate having a multilayered structure. Indeed, 
such a thin film article is, of itself, unique. Although 
some references are made to multilayered struc- 
tures on disk substrates, the teachings of such 
references do not solve the problems of, nor are 
they obvious to, applications in the tape media 
field. Therefore, this invention contemplates a mul- 
tilayer narrow web thin film comprising a narrow 
width web substrate suitable for receiving multiple 
layers of deposition source materials. The deposi- 
tion comprises a plurality of layers of deposition 
source materials deposited in a continuous manner 
onto the web substrate. These layers, shown repre- 
sentatively in Figure 2 as layers 44, 45 comprising 
layering 40, are deposited onto tape or web sub- 
strate 36 so that the number of layers exceeds the 
number of deposition sources. The various layers 
combine to exhibit the excellent thin film properties 
indicative of layers which have been vacuum de- 
posited in a continuous manner. For example, in 
the case of magnetic thin film, the multilayered 
structure produces superb thin film magnetic char- 
acteristics with regard to coercivity, anisotropy, 
magnetization, and the like. The deposited layers 



may comprise either organic or inorganic, or a 
combined organic/inorganic composition. 

Figure 11 is a schematic view of another em- 
bodiment of a device for manufacturing a tape or 
5 web substrate article having a multilayered coating 
according to the invention. This embodiment dis- 
closes a continuous single-pass deposition system 
202 for producing multilayer structured thin films 
on a web substrate. Operation of system 202 com- 
io prises transporting web 206 past a configuration of 
shuttered deposition sources 210. Sources 210 are 
preferably arranged for uniform layer deposition 
during the time of source exposure. Appropriate 
shielding may be necessary to prevent cross con- 
75 tamination or to isolate sources from one another. 
This can be accomplished with a modified conven- 
tional reel-to-reel web transport system. By cycling 
a shutter 212 in a periodic fashion, layers are 
deposited in sequence from each of the sources to 
20 produce a multilayer-structured film on a web sub- 
strate as the substrate or web 206 passes the 
sources. A unitary composition substrate or web is 
preferred, but such web may also be functional as 
a carrier for other substrates, for example, disk 
25 shaped substrates. 

Use of this process results in a sequential 
exposure of a length of the substrate to deposition 
source material fluxes. Consequently, the process 
provides a sequential deposition of source materi- 
30 als onto a length of the substrate. The alternating 
and periodic manner of vapor deposition permits 
the number of alternating source exposures to be 
greater than the number of sources. A preferred 
ratio of exposures to sources is greater than 1:1, 
35 with a more preferred ratio greater than 2:1. Expo- 
sure to source ratios of greater than about 4:1 and 
about 10:1 are also feasible and desired within the 
scope of this invention. 

Shutter 212 is preferably a chopper-like shutter 
40 as shown in Figure 11. However, alternate shutter 
configurations comprise a plurality of individually 
controlled shutters 212 as shown in Figure 12, or a 
ganged shutter as shown in Figure 13. The ganged 
shutter of Figure 13 is particularly useful for elon- 
45 gated sources 216. The configuration of a shutter, 
its speed of motion, and its geometry, determines 
the exposure time and the frequency of exposure 
of each of the deposition sources as the substrate 
passes an exposure region. The exposure region is 
so where a designated portion or length of the sub- 
strate, such as portion 220 shown in Figure 11, 
experiences vapor deposition from the sources. 
Other factors critical to successful deposition in- 
clude the rate of the source deposition, the tape 
55 transport speed, the size and adjustability of ap- 
erture openings, and the type of source. In deposi- 
tions where it is desired to provide a monolayer or 
less thickness of a material, then the invention 
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using the chopper-like shutter is most useful. This 
is due in part to the excellent control of deposition 
rates which is possible with the shutter configura- 
tion of this embodiment, and the resulting superior 
composition control. 

Use of the embodiments shown in Figures 11, 
12, and 13, result in multilayered films which have 
layers that are slightly inclined to the web surface. 
The amount of inclination depends on the relative 
layer thicknesses and the amount of time between 
exposures. For example, assume that the web is 
alternately exposed to two different deposition 
sources through a single aperture which' is placed 
close to the web. Also assume that there is no time 
between source exposures, that the deposition 
rates from a first source and a second source are 
. ri and r r respectively, the web speed is v, and the 
exposure times for both sources is f. Then the 
angle of inclination of the layers to the web at any 
given point will be either tan~ 1 (n/v) or tan" 1 ^/^), 
and it will switch between these two angles with a 
spatial period (down-web) of vt. 

The processes of this invention are particularly 
useful in the manufacture of articles having tunable 
magnetic properties. Such articles include mag- 
netic and magneto-optical tape. The processes also 
permit greater ease in deposition of a variety of 
material combinations previously recognized as dif- 
ficult to use. Manufacturing according to the above 
methods affords improved composition control. 
These processes are also useful in manufacturing 
articles which increase research and development 
productivity. 

Example 1 

Using the embodiment of Figure 11, operation 
of a laboratory scale system for coating multilayer 
structures onto a narrow web in a single pass, 
continuous process was performed. In a high vacu- 
um system, a reel-to-reel tape transport was used 
to transport tape over a sequence of two electron 
beam evaporation source configurations. Shielding 
was provided so that any point on the web was 
exposed to only one source configuration at a time. 
One of these configurations consisted of two elec- 
tron gun sources located about 8 inches (20 centi- 
meters) below the plane of the web, mounted sym- 
metrically about a plane normal to, and bisecting 
the web. A chopper-like shutter was placed central 
to, and above, the two electron gun sources. One 
source was for platinum deposition, and the other 
source was for cobalt deposition. Upon spinning, 
the shutter functioned to alternately expose the 
web to each of the two electron gun sources. The 
deposition rates of each of the electron gun sour- 
ces were independently monitored and were used 
as feedback to maintain constant deposition rates. 



By setting the electron gun source deposition rates, 
the shutter speed of rotation, and the web transport 
speed, the thickness of the layers in the multilayer 
structure and the total thickness of the multilayer 

5 structure were varied as desired. In this example, 
cobalt layer thicknesses were varied between 3 
angstroms and 6 angstroms, while the platinum 
layer thickness was held constant at 10 angstroms. 
Then, the platinum layer thickness was varied be- 

io tween 8 angstroms and 12 angstroms while the 
cobalt layer thickness was held constant at 4 ang- 
stroms. About 16 layers each of platinum and co- 
balt were deposited in each length of these 
platinum/cobalt multilayer structured thin films. In 

75 this example, the other of the two electron gun 
source configurations consisted of a single 4-pock- 
et electron gun source situated directly below the 
center of the web. This electron gun source was 
used to deposit layers of other materials under, or 

20 over, the multilayered film as desired to create 
dielectric layers, environmental layers, or the like. 

Example 2 

25 Figure 14 shows a magneto-optical thin film 

stack 224 produced by the method described in 
Example 1. On a 1 inch (2.54 centimeter) wide 
poly amide tape substrate 226, there was formed, in 
order, a 100 angstroms thick layer 228 of chro- 

30 mium, a 400 angstroms thick layer 230 of alu- 
minum, a 250 angstroms thick layer 232 of silicon, 
a 200 angstroms thick layer 234 of multi-structured 
platinum/cobalt, and a 200 angstroms thick layer 
236 of silicon. The multi -structured platinum/cobalt 

35 layer 234 consists of alternating paired layers each 
having 10 angstroms of platinum and 4 angstroms 
of cobalt. M(H) measurements indicated that the 
magnetic properties were substantially uniform over 
the entire length of the tape. A representative M(H) 

40 loop from a sample of the tape is shown in Figure 
15 as loop Ml, representing a 100% remanence 
value. Loop I and loop II, representing remanence 
values of about 50% and 0% are shown for com- 
parison. The reflectivity of the thin film stack at 780 

45 nanometers wavelength was 29%. The tape with 
the magneto-optical stack deposited onto it re- 
tained a flat profile, indicating the level of stress in 
the film was insufficient to make the film -substrate 
combination curl. 

50 

Claims 

1. A method of sequential deposition of source 
materials onto a surface of a web substrate, 
55 comprising the steps of: 

a) providing substrate transfer means for 
imparting continuous movement of a sub- 
strate past a plurality of deposition sources; 
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b) positioning a plurality of deposition sour- 
ces facing a substrate which is supported 
by the substrate transfer means; and 

c) operating the substrate transfer means to 
continuously move a web substrate past the 5 
deposition sources during vapor deposition 

of deposition source materials so that every 
portion of the substrate is exposed to depo- 
sition fluxes from the deposition sources in 
an alternating periodic manner, the number 10 
of alternating source exposures being great- 
er than the number of sources. 

2. The method of claim 1, wherein the deposition 

of the source materials is conducted so that at 75 
least one of the source exposures deposits 
less than a full monolayer of source material. 

3. The method of claim 1, wherein the substrate 
functions as a carrier for another substrate. 20 



b) a plurality of deposition source material 
layers deposited onto the web substrate to 
form a multilayered thin film structure within 
which the number of layers exceeds the 
number of deposition sources providing 
source materials. 

10. A multilayer thin film on a web substrate com- 
prising: 

a) a web substrate having a designated 
surface for receiving multiple layers of de- 
position source materials; and 

b) a plurality of deposition source material 
layers deposited onto the web substrate to 
form a multilayered thin film structure in 
which each layer is at an inclined angle 
relative to the designated surface. 



4. A device for manufacturing a web substrate 
having a multilayered structure, comprising: 

a) a deposition source region configured to 
contain a plurality of deposition sources fac- 25 
ing a substrate supported by a web sub- 
strate transfer means; and 

b) web substrate transfer means for sup- 
porting a web substrate and for imparting 
continuous movement of a web substrate 30 
past the deposition source region to pro- 
duce, during vapor deposition, a multilayer- 
ed structure on the web substrate, with the 
number of layers being greater than the 
number of deposition sources. 35 



5. A device according to claim 4, wherein said 
device contains means for gating the deposi- 
tion sources so that the source materials can 

be deposited sequentially. ao 

6. A device according to claim 5, wherein said 
gating means is a shutter. 

7. A device according to claim 4, wherein the 45 
web substrate transfer means comprises a first 
transfer mechanism having means for continu- 
ous feed and receipt of a web substrate with a 
second transfer mechanism. 

50 

a A device according to claim 7, wherein the first 
transfer mechanism comprises a plurality of 
segmented rollers. 



9. A multilayer thin film on a web substrate com- 55 
prising: 

a) a web substrate; and, 
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